Supply chain is one important problem in industry and economy. Measuring supply chain performance becomes difficult because of the need to deal with the multiple performance measures related to the supply chain members, and to integrate and coordinate the performance of those members. The tradition approaches for measuring efficiencies cannot be applied directly to the problem of evaluating the efficiency of supply chains. This is because some measures linked to supply chain members cannot be simply classified as "outputs" or "inputs" of the supply chain. We present several models that directly evaluate the performance of the supply chain as well as its members, while considering the relationship between the members. The modeling processes are based upon the concept of noncooperative and cooperative games. In this paper, we have applied network data envelopment analysis (DEA) approach for measuring performance of supply chain, which consider the system as composed by distinct processes or stages, each one with its own inputs and outputs and with intermediate flows among the stages. The proposed method reduced computations and also determination of efficiency of overall supply chain and efficiency of each supply chain members.
INTRODUCTION
A supply chain consists of all parties involved, directly or indirectly, in fulfilling a customer request. The supply chain not only includes the manufacturer and suppliers, but also transporters, warehouses, retailers, and customers themselves. A supply chain is an alliance of independent business processes, such as supplier, manufacturing, and distribution processes that perform the critical functions in the order fulfillment process.
Supply chain management (SCM) is a set of approaches utilized to efficiently integrate suppliers, manufacturers, warehouses, and stores, so that merchandise is produced and distributed at the right quantities, to the right locations, and at the right time, in order to minimize costs while satisfying service level requirements. If we evaluate the efficiency of a supply chain system, then *Corresponding author. E-mail: m_mohallati@yahoo.com.
we need to measure the performance of each individual supply chain components, while there is a relation between them.
Supply chain strategies cannot be determined in isolation. They are directly affected by another chain that most organizations have, at the same time, supply chain strategies also should be aligned with the specific goals of the organization, such as maximizing market share or increasing profit or minimizing costs. However, a lack of appropriate performance measurement systems has been a major obstacle to an effective supply chain management.
The simplest form of supply chain is single-buyer and single-vendor problem with constant demand and leadtime also there is no constraint. The development of supply chain is one of interested field for researchers. A single-vendor multi-buyer supply chain also a multivendor single-buyer supply chain have received a considerable attention in the literature, there is little effort in the literature for the multi-vendor multi-buyer problem (Taleizadeh et al., 2011 (Taleizadeh et al., , 2012 . When data are stochastic and there are chance constraints on the vendor service rate to supply the products, and there is a limited budget for each buyer to purchase the products, many researchers have successfully used meta-heuristic methods to solve complicated optimization problems in different fields of supply chain (Taleizadeh et al., 2010) .
Data envelopment analysis (DEA) is a linear programming-based methodology for evaluating the relative efficiency of each member of a set of organizational units. The units, called decision-making units (DMUs), consume various levels of each specified input and produce various levels of each specified output.
Standard data envelopment analysis models cannot be used directly to measure the performance of a supply chain and its members, because of the existence of the intermediate measures connecting those members. This observation is true for any situations where DMUs contain multi-stage processes. An important area of development in recent years has been devoted to applications wherein DMUs represent multi-stage or network processes.
So far, the value-added processes or systems have been treated as a "black-box". However, each process or system can include many sub-processes. For example, if the process is to make a car, then important subprocesses include assembling and painting. If we evaluate the efficiency of a supply chain system, then we need to measure the performance of each individual supply chain components. While there are studies on supply chain performance using the methodology of data envelopment analysis (DEA), the research has been focused on a single member of the supply chain. Within the context of DEA, there are a number of methods that have the potential to be used in supply chain efficiency evaluation. Seiford and Zhu (1999) and Chen and Zhu (2004) provide two approaches in modeling efficiency as a two-stage process. Cook et al. (2010) reviews some two stage models and establishes relations among various approaches. Fare and Grosskopf (2000) develop the network DEA approach to model general multi-stage processes with intermediate inputs and outputs. Golany et al. (2006) provide an efficiency measurement framework for systems composed of two subsystems arranged in series that simultaneously compute the efficiency of the aggregate system and each subsystem. Kao (2009) , in order to investigate network model, consider two parallel and series structure for internal parts of DMU; also Chen et al. (2010) has done some clarification of assumptions and extension of three-stage DEA. Liang et al. (2006) developed two classes of DEAbased models for supply chain efficiency evaluation based on non-cooperative model. Sreekumar and Mahapatra (2009) propose a multiple criteria decision model in fuzzy environment for vendor selection problem in supply chain.
In this study, we examine efficiency of supply chain based on network DEA, in two methods. In the first method, we measure overall efficiency of supply chain as the product of the efficiencies of members. The second method computes overall efficiency as the weighted sum of the efficiencies of members. Then, we compare these two methods.
The rest of the paper is organized as follows: review of the conventional DEA; DEA models developed for supply chain under the assumption that the relationship between the members is treated as leader-follower; discussion on cooperative models as network DEA.
DATA ENVELOPMENT ANALYSIS
Data envelopment analysis (DEA) has been proved to be a useful tool in evaluating relative performance of homogeneous decision-making units (DMUs) in a multiple-input multiple-output setting. The traditional DEA estimates the efficiency index by calculating the ratio of weighted outputs to weighted inputs, and the input and output weights are decided according to the best interests of the DMU being evaluated.
Consider n decision making units (DMUs) to be r=1,…,s, i=1 ,….,m.
SUPPLY CHAIN IN DEA
Supply chain management has been proven to be a very effective tool to provide prompt and reliable delivery of high-quality products and services at the least cost. To achieve this, performance evaluation of entire supply chain is extremely important, since it means utilizing the combined resources of the supply chain in the most efficient way possible to provide market wining and costeffective products and services. Two hurdles are present in measuring the performance of value chains. One is the existence of multiple measures that characterize the performance of each member in a supply chain. The other is the existence of conflicts between supply chain members with respect to specific measures.
Supply chain systems can be viewed as an integrated input-output system where each supply chain member uses inputs to produce. 
COOPERATIVE AND NON-COOPERATIVE APPROACHES
In this area, we present several models that directly evaluate the performance of the supply chain as well as its members, while considering the relationship between the members. The modeling processes are based upon the concept of non-cooperative and cooperative games.
Non-cooperative models
Suppose there are similar supply chains. Consider a buyer-seller supply chain as described in Figure 1 Similarly, one can develop a procedure for the situation when the buyer is the leader and the seller the follower. We first evaluate the efficiency of the buyer using the standard CCR model:
To obtain the seller's efficiency given that the buyer's efficiency is equal to , we solve the following model:
s.t , .
In Model 6, U can be treated as a parameter, and this model can be solved as a parametric linear program. The efficiency of the supply chain can be defined as:
Cooperative models
This area considers the case where all the members have the same degree of power to influence the supply chain system. This DEA model seeks to maximize efficiency in all members, subject to a condition that the weights on the intermediate measures must be equal. Network DEA is a suitable approach for measuring efficiency of supply chain at cooperative model.
Network DEA
Systems with more than one process connected with each other are networks. To measure the efficiency of a network system, a network DEA model is needed. Different from the conventional DEA model, the network DEA model does not have a standard form. It depends on the structure of the network in question.
The product of members' efficiency (PE) in network DEA
We can define the overall efficiency of supply chain as the product of individual efficiencies of members, subject to a condition that the weights on the intermediate measures must be equal. Consider n supply chains, which each of them have h internal members. We suppose that and are inputs and outputs in the member of supply chain j (j = 1, ..., n), respectively, and is the intermediate outputs which are emitted from member to member , (L is the number of intermediate outputs). We sort h internal members of each supply chain as stated: member 1 is a member that can transmit some of its own outputs to other members and remainder outputs are exited from system as direct outputs. In other words, its output is divided to two portions, and , which output is exited from system directly and is sent to member as an input. The input of member 1 is provided by input resource directly. Member 2 of the system is a member that can transmit some portion of its own product to members and exit the reminder directly from the system as output. In other words, its output is divided to and , which the former is gone out the system directly and the latter is used in member as an input. This member gains its input from input resource directly and also can gain some portion of its input from the output of member 1. Therefore we can say that the input of this member is made of two portions;
that is provided by main sources and which is a portions of output of member 1. In this manner; the member is a member that can transmit some portion of its outputs to member and exit the reminder from system directly. It means that, its output is divided to and , which is gone out directly from system and can be sent to members ) as an input. This member can receive its own input directly from input resource and some portion of its input can be provided by members . It means that the input of this member is , which is provided directly by input resources, and which is a portion of output of members . According to this, we are able to measure the efficiency of supply chain k according Model 7. In this case, after linearization we have the following model: (7) s.t.
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If be optimal solution of Model 7, efficiency of member t in supply chain is:
The weighted sum of members' efficiency (WSE) in Network DEA
Instead of defining the overall efficiency of supply chain as the product of the individual efficiencies of members, we can compute the overall efficiency as the weighted sum of the efficiencies of members. The weight of member , in evaluation, is , which userspecified weights satisfying . These weights are not decision variables, but rather are functions of decision variables, reflecting the relative importance or contributions of the performances of each member in supply chain to its overall performance. The efficiency of supply chain is , which is efficiency of member :
where is intermediate outputs from member to member .
s.t.
By setting which it shows the relative sizes of the members, so then the 1  8  50  20  10  8  100  2  10  18  10  15  10  70  3  15  30  10  20  8  95  4  8  25  20  25  10  80  5  10  40  15  20  15  85   Table 2 . Efficiency of supply chain in models non-cooperative and model (7). Theorem. Let and be the overall efficiencies of under CCR assumption determined by network DEA models of 7 and 10 respectively. Then .
Numerical examples
In example 1, we compare the efficiency scores for the cooperative and non-cooperative models. Example 2 indicates the overall efficiency of supply chain as the product of individual efficiencies of members versus the overall efficiency as the weighted sum of the individual efficiencies of members.
Example 1
Consider seller-buyer supply chains where the seller has two inputs (shipping cost and labor; ) and two outputs (buyer's fill rate and number of product shipped; ), and the buyer has another input (labor;
) and one output (profit; ). Data of inputs and outputs of five supply chains (DMUs) are given in Table 1 . Table 2 shows the efficiency scores obtained from the supply chain efficiency models. Supply chain is efficient if only all members are efficient.
As can be seen in Table 2 , if all members of supply chain are efficient then supply chain will be efficient. The first supply chain is fully efficient in the aforementioned example.
The efficiency in PE network model is always less than or equal efficiency of non-cooperative models. The supply chain 5 has the least efficiency among the other chains in PE network model and in both non-cooperative models. Therefore, there is a suitable accordance between PE network model and the non-cooperative models.
The calculation in network models is less than noncooperative models. Consider n supply chains, which each of them have h internal members, the number of constraint is hn+1. In supply chain with two members, the number of constraints in network Model 7 is 2n+1, while cooperative model need to solve two models that the first model has n+1 constraints and the second model has 2n+1 constraints, also the second model is parametric, so we should solve several model of the second model; therefore the stage for solving non-cooperative model is very more than network model.
Example 2
Consider supply chains as Figure 2 . These supply chains include two members. Member 1 has three inputs and three outputs, while member 2 has four inputs (three inputs are outputs of the member 1 and one directly input) and two outputs.
Data of member's inputs and outputs of10 supply chain indicated in Table 3 . Efficiency of supply chains and their members in two models of cooperative, using network DEA are shown in Table 4 . The results of the example are according to the aforementioned theorem, the overall efficiency of PE model is less than or equal the overall efficiency in the WSE model. If a supply chain is efficient in PE model, it is efficient in WSE model; also inefficient supply chain in the WSE model is inefficient in PE model. In both model, the supply chain 6 is efficient, and supply chain 5 is the most inefficient. According to Table 3 , inputs of supply chain 7 are less than inputs of supply chain 8 and outputs of supply chain 7 are more than outputs of supply chain, so efficiency of 7 should be more than efficiency of 8; this case occur in PE model.
CONCLUSION
This paper presents several DEA models for evaluating the overall performance of a supply chain and its members. The non-cooperative model is modeled as a leader-follower structure, and the cooperative models try to maximize the joint efficiency of the members. Network
